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the Five-Year Plan for the restoration and development of the nmational |
economy of the USSR provides for s considerable grovth in the extraction
and use of rare metals. Tho problem. of a raw material base for sn industry :
of rare elenents is especislly significant in cormection. with this plan SRS
at the presont tine. : e

Until racently, D, I, Iendeleyev's pericdic systen conteined 92
olements, 90 of vhich are found on the earth. The relative contont of
"those elemomts. 4n the obtainable parts of the earth diffcrs greatly,
especlally in the separato covers of the earth -~ the gaseous ervoulope, . or |
atnosphere; the uqueoue anvelope, or hy: rosphere; and the ealid emrelope,
or lithosnhero; and the area of distributicn of life, vhich is called
blosphere. The latter, eabracing tho entdre plant and anim) world of tho
earth, inclhides et of all threr of the above~ommoreted enveloves.

By Mnitin ourselves to the alements fousd in each of the thraa
+ #mwalonos and in the biosphere in quantities greater { an 1/100 of &
percent, we ohtain the follovins table. The elements are arranged in ‘the
order of decreasin; importance for each emvelops (Teble 1). =~ -
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Talle 1. Kelative Content of Elemsnts in bifferent Lnvelopes of the Larth-
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(According to V. I. 7ernadskiy)

Evwelope Gontent Atmosphere Hydrosphere
Greater than 10 Nitrogem,  Oxygen,

oxygen hydrogen
Greater than 1%  Argon Chlorine,
godium
Greater than 0.1% Hydrogsn Magnasium,
o . sulphur
. Greater than 0.01% Carbor  ~ Calcium,

potassium

The 20 elemants shown in the tahle comprise moro than 99.9 vorcenmt of ' . . ¥ i)

Lithosphare

Oxygen, -
gilicon

Aluminun,
iron, calciun
megnesium, So=-

dium, potassium

Titapium, hy-.
drogen, carbon,
phosphorous
sulphur, fluo=~
rine

Barium, man-
panese. chlow .
rine, stron~ ..
tium

Biosphere

Oxygen,
hydrogen

Carbon

Silicon, pc-
tassium, cal-.
eium, nitregen

Sulphur, map-~

.nesium, iron,

sodium, chlo--
rine, alumin-

um, phosphorous '

tho weight of the esrth's crust {(all three envelopes and the biosvhere).
Consequently, lees than 0.1 percent of the weight of the earth's orust S
is composed of the remaining 70 elements. At first glamee such a distrie
bution may appear strange. Actually, such well-knovn and sufficiently i
widospreac metals as copper, tin, load, zine, nickel, wercury; amd others -7/
are emong these 70 elements. &t the same time, we see some comparatively
mknown elements,- stch as titanium, strontium, and argon, among the more -
widespread elements listed in the table. This is explained by the fact

that our notion of the rarity of elements does not correspond to their
relative content in the earth's crust. For example, according to various
date, the little-known element, titanium, which is not widoly used in
technology. composes from 0.4 to 0.5 percent of the weight of the earth's
orust, which is approximately 60 times more than copper, 100 times more

then zine, and 400 times more than lead. But, the last tlree elements sre
found in the form Af rich sulphur Geposits where kﬂny can La 9a8ily exe

tracted; and therefore copper, zinc, and lead we

long ago congidered

ordinary motals, vhile titsnfium, wicely distributed but greatly dififused
in different rocks, is consicersd "rare." It is clear from what has beon
sald that it is difficult to uraw an exact boundary between "rsre" and

fconmon” elements.

Pary investigotors refer tv a major pert of the elemonts as rare.
For erauple, Academician A. L. Fersman proposed to eonciser 63 elonents
rere, i.e., mcre than two-thirds of al® those discoverod on the earth.
Thorefore, it is maturally easier to emumerate the ordimery "common®

elements, whicn ure considersbly fewer in mmber.

By adding 15 clements

in the ordsr f their degroe of irevalence in raturs (chromium, zirconium,
vanedium, nickel, sine, boron, copper, rubscium, 1lithium, cobalt, tungsten,
tin, serium, yttriw, and beryllium) %o the 1O elemants in Table 1 (with~
out argon, which is considered rure), we heve tle 34 elements which arc most
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abundent in the eerth's crust. However, if we comparc the degree of
dispersion of each element and tho ease of acquiring and wing it in
tachnology, it is more correct to consider titanium, zircorium, vanacium,
ytirium, tungsten, and barylnmn a8 rare elemonts and to consider leac,
bromine, arsenic, mercury, iodine, antimony, bismuth, and silver, which
are less provalent but better known, es ordinary elements. . Thus, ve
heve 36 elements which will be considered ordinasry or common, and tho
remaining 54 are (ratirally) rare. Llements hsving the most diverse
proporties beleny to the rare group, for example: very active alkali
motals == rubidium and cosium; the soecalled procious metals == -
platimm, palladium; radicactive clements -- radium, thorium, uraniumj
and finally some rare gages -- krypton, Xxsnon, etc. Part of the rare
elements ars presonted below (Teble 2).

Isblo 2

Max Content Avg.Content ir Avg Content in . Goefficlent of
in Ashes *hich Ashea" ‘Earth's Crust conesntration

In grams per.ton Max Avg

3,000 1,000
,000 © 1,600
8,000 N 11,600
200 : S 1,000
1,000 : s S Tagen
T ' 35

80

250
200

60

50=100

- 40-100

© 120

8

80

27

26

26

33

13

13

17

Sare elemnts neod mot be confussd with ke so-called rere carth
elemomnts or lanthenices, Fourteen elcments bulon to the latter, 13 of
vhich heve bLeen fourd at the present time. These have vary similar
chemical properties and, together with lanthanum, occupy one block in the
perlocic system. Cxides of thees elements are called rere eartho. 41l -
lanthenides are rare, although the best known of t.hem, sorium, is nore .
wideepread than lead snd bromine,

The uso of roxe elsmants in industry, medicine, asnd lsoratories has
groatly inoreasad cduring the last decade. according to li. Atkinson, the
procuctioh of a mejority of rsve elements inoreased several times from
1927 to 1937; for example, rhodium, 2.5 times; thorium and cobalt, four

TIRREIETHY S D AT e A A T e 5 o

ket 2




\

B

I Sanitized Copy Approved for Release 2011/06/29 : CIA-RDP80-00809A000600200147-8 (e

"

,; m ., E : J(STAT

timhé; uranium, seven times, ete. -Since 1937, the procuctlon of a number
-+ of .rare olements, purticulayly .uraniim, hes-increpsed <ti1l more .in.the, WSA... .

ﬁ.

The last decade before the war is characterized by increased study of
the geochemistry of rare elemenis, i.e., the processes of their transforma-
tion, accumulation, and dispersion in the earth's crust.

“Academician V. I. Vernedskiy first showed the enormous rols of living
orpanisms in geochemistry. lany elements can be accumulated in living
orppnisns. The acoumlation of potassium by some plants wms used long cgo
as tho bosis for obtaining poimssium carbomates, =~ potash «— fron the
ashes of these plants. .The sshes of some sca algee serve as a rav meterial
for the oxtraction of iodine. Iy is seen from Toble 1, which showns the
disperaion of elements in the biosphore, that the main component parts of
living organisms. including plants, are oxygen, hydrogen, and carbon. In .
the burning of pisnts these elements, together with nitro.'en and to some
oxtent sulphur, are removed, Tho porcontage contont of the residual
olomonts in tho ashes is incrsased sovoral times in comparison vith thelr
content ih living plants. Tho elementary composition of ashes of a plant
dopends upon its type as well &S the concitions end nedium in vhich it jrev.

Undoubtedly the use of plunt ashes uill increase in the future, so
- that it will bo possible not only to extrsct potassium compounds from these
ashas, or 4o use thom as fertilizer, but elao to use them as & ruw material
for obtaining xare elements. It i3 possible that specisl methods of
gelsotion, sorting, growing, and cultivation of plant specimens with a
maximm content of the desired elsment will have to Le applied. The asies @+
which are obtained in enormous quantitios in burning coal can serve as a o
still more important source for ovtaining rure elements. These sshes have . .x ' .."ilutl
a diverse composition which is determined bty all the complex and long EEECEE RS
procasses of ¢{vansformation of plant orgarisms into coal. L

The content of mineral substances in various coals, and consequently " .
their ashes, varies in very wide limits, from one to sevorsl tenths of o
one percent., Goal ashes may be locked upon as containing two ;arts: the L
primary, or natural, plsnt ash that camo from the mineral substences vhich i SR
comprise the plant carbon-forming material; end the socordary, or extornal, - i.'" " ¢ :
aeh of corl thet is Fformed from mineral substances which have been ccrried . i
into tho coal or accurmulaticn of plant materisl from outside Yy the wind, -,
water curronts, etc. A large part of the secondary mterial distributed..: -
in coel 1s irregular and can be mechanicelly sepurated. However, it ie -
impossible o draw & sharr line between these two types of ashos &s.ths *
oonmposition of the ashes of the plant carbon-forming matorisl is unlaiorn
and rany nineral substances were absorbed by the coal or procipitated-in
it from various water currents. These substapces covdd unifurnly impregmate
the optir: vodime. of a coal bed. If the diversity in ibe send’tlons of
yrovik 6f the jrimary plant material axd its transformation famte. duel ara’ .
taken into consideration, as well as tho' differant compositions of the o
gurreuniing rocks, s0il, awd wetor enrrents which influonce these processes,.
it can bo concluded tha% coal ashes rust contain a lsxge mimber of ‘chomical
elements. Actually, in acdition to the common elements of the blosphore
1istad in Teble 1, approximately 46 rare elementa are found in cosl ashol.

ti4th rogard to the utilization of these ashos, various propositions
for using thom as rav materisl for obtaining alumirmm galts have been made.
The reeidus from burning coal is scmetimes used as a comstruction matorisl
for roads, but ir the msin the ashes have remeined unused weste. Prior to
3930, the ashes were slmost never looked upon us material containing rare
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elements, "

In 1930, the Norwegien geochemist, V. M, Goldshmidt, published a work
on the diffusion of germenium in coal and the products of its processing.
Coal ashes were found to contain from 0.01 to 0.5 vercent rermsnium. Thres .
years later; a work by Goldshmidt and Peters on the ascumulation of rare
elements in coal was published. The ashes of the coal of westorn Germeny
and England were found to contain up to one percent boron, 0,1-0.2 percent
eobalt, approximately 0.05 percent gallium, up to 0.1 percent beryllium,
end 3omo other rare elemonts. It was discovered that rare elements can
accumulate in coal agshes in quantities vhich surpass their sverage content
in the lithosphere. These elements are beryllium, boron, scandium, ytitrium, -
lanthenum .end lanthonides, vanadium, cobalt, nickel, molybdemm, conper,
zinc, zellium, silver, platinum, palladium, and some others.

Table 2 compares the content of some elements in cosl ashes with
- their average content in the earth's crust. It is seen from tha table
that the coal ashes are enriched with a number of rare elements. ’

«  The sverage content of scmo elements (boron, berylliwm, cobalt, and
others) raaches 100-700 grams per ton in "rich® mshes, -i.e., these ashes
¢an serve as a raw material for industrial production of such elemente.
Especislly rich ashes contain several kilograms of germenium, ersenic,
zine, cobalt,-and niskel per ton. . :

Under thoe direction of the famous Erplish scientist, G. T. Morgan,
a systemtic study of coal ashos of the British Empire was mrde.. It waz s
found the% they contained up to 1.8 percsnt gallium, ovie percent germenium, ..
and come other elements. The precious metals, -« gold, silver, and elements .
of the platirum group - were also. diaccvered ir coal ashes. V. M. Gold-
shmidt found silver f5-1o grams per tor),: gold (0,5-1.0 gwams per ton), and
platinum (0.2-1 gram per ton) in some coal ashes. it is seen from Tsble &
that the average coeffioient of concentration of silver in coal ashes is
20, and the moximum is 50-100. The maximum coefficient of concentrztion
of rold has the same valuo, and that of platinum resches 120, There is
also an in'ication of the presence of other platinic metals in ashes -- '
rhodium, rutherium, and possibly osniun.  Yhess facis are of great oL
sclentific and practicel interest us they throw light on some aspectc of
the goochemistry of precious motsls, .

Approxirately 60 of the 90 elements found in the earth's crust are
found in.living organisms and in coal eshes in almost equol amounts.

In 1234, Ye. T4ln ;udlished a complote analysis of two ash specimens:
opg.of doxer Silesiar eoal cortaivdng 4.3 peresnt aches and the other of
Laglish coal contuining 0.9 percsri aches. Tin' yesult. of the analyess )
indicate that principally rides end thean silicstes and suighates of  *
saversl elsments enter into the composition of ashos, ’

Oxides of nins elemomts (silicon, alumimm, iron, calofim, magnesium,
sodium, titaniwr, and sulphur) compose 96.29 percent of the first ash
aspocinen and 94.79 perssni of the second.

Yo. Tilo determined all rare earth elements together, not distinguish-
ing thom from each other. \Vhich of these 13 elements are found in ashes is,
therefore, unknown., If we conajder that only one is present in each ash
gpocimen, then altogethsr 27 clements (not counting oxyren) wore determined
in the first specimen, and 30 in the second. ‘The porticr of 18 rate
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elements in the esh.spacimon first was 3.71 porcent, while. the sortior-fol = v el
oxides of 21 rere elements in the second specimen was 5.21 percent. love
ever, it must be supposed thst thorr was more than one lanthanide in the
ash spocimens, and also that others wore present wiich were not discoverad
by the suthor. Therefore, tho mmber of elements whick he found in the
aghes (27 and 30) must be considered a minimm. These ashes wore atrongly -
enriched with lanthanidss (800-1,200) (mubers in parcntheses indicate . -
the contant of oxide of a given element in grems of oxide per ton of ashos
ir the first and second ash specimens), zirconium (440-700}, vanadiwm
§1,700-700), nickel (1,400-100), cobalt, molybdemm (100-500), boron
3,000-10,000), and scandium (100). .

In its formation process, coal c.ii he enrichod with & y chemical
elemont by various methods (filtration of various solutions throuch it,
absorptioh and precipitation from them of various substances from thesa
solutions). This situstion can bo econfirmed with the application of exact
mathods in studying a large mmber of ssh specimens from various coal
deposits, . .

Dering rocent years the study ¢ gshes of combustible miner;is and
. particularly coal has beon widoly developed in the Soviet Union.

The works of the Russian geochomiats, Academicisns V. I. Vorradshiy
and A. Ya Fersmen (and their students), gained vorld redognition for them.
The Biogecchemicel laboratory of the Acsdemy of Selences cf tho ISSR,
foundad in 1929 by Acudemician V. I. Vernadskiy nnd now the laboratory
of Goooherlea? Problems imeni V. I. Vermadsicly, is the only institution
in the worlc thet studies tho regularities in distribution and lavs of .
trensformtion of chenfcal eiements in the biosphere. Tho yrocesses of
acoumulation of rare olements in.coal are studied in the Laboratory by
& group of colleagnes.(8. 4. Dorovik, V. M. ratynskiy, G. G. Bergman, and
othors) under the direstion of Correspomdin; Membor of the Acadaryy of
Salences of the USSR, A, P..Vinogradov, a former studemt of V. I. Vernad-
slly and nis successor in the edministration of the Lahoratory. Ry :
systomatic study of the so-called orpanogonic. rock (petrolewrms, Litumens,
mineral coals), the workers of the labovatory discovered a considersbls
content of vanedium in tho ashes of several petroleums and asphalts,

Coal which contained a considerable. quantity of vanadium and gormanium
was also fourd, Vanadium i3 contained in the arhes of Cholyabinsk coal. :
Gartanium and gallium are confainod iz the fhwrarin (northorn Caucasus)
ooal, Tin was discovered in ashes of coal of the Kusnets Dasin, where tha
concontration of tin in ashes of some beds was almost hizh enouch for
industrial purpeses. This circumstance can be usad to direct prospecting
work for tin, ) :

A detailed study of th 2isk;ibovion of ormavium ia coeis would roks
it posaihle Yo erplain the orifin’ f the permenium. The sccuwmpotior of -
germaniun in coal is explained by the fact that the germanium is taven
from aqueous solutions by decomposing plant moterial in the process of coul
formation.

In this article we have heen limited to the pressntation of the .
quession of rure elements in cosl mches, However, tho ashes of petroleum,
peat, lignite, and other combustible minernls are of aqual interost.

Tha study of ashes of coal and lignite, neat, slates, and nstroicums
undoubtedly. has great prospects for us. The preasence in the Soviet Unicn

g

Cerazen

-b -

Lol

4

Sanitized Copy Approved for Release 2011/06/29 : CIA-RDP80-00809A000600200147-8



awl

¥ Sanitized Copy Approved for Release 2011/06/29 : CIA-RDP80-00809A000600200147-8 #

. of enormous . surplies of combustible minerals end-the increasins extraction . ..
of them guarantees large aupplies of raw material in tho form of ashes
which contain hundreds and thousands of tons of rare and disporsed aie-
monts resessary to the mtienal economy. -

The systematic aﬁudy of this typoe of raw materiasl, apert from the
pogsibility of using the valuable substances contained therein, will
inoroase our knowledgo of the behavior of various elements in the earth's
orust and give a powerful impetus to the further development of blo-
ehemistry in our covntry.

- END =

Sanitized Copy Approved for Release 2011/06/29 : CIA-RDP80-00809A000600200147-8



